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ABSTRACT
We present a spectroscopic study with the derivation of the physical properties of 37 Balmer
break galaxies, which have the necessary lines to locate them in star-forming−active galactic
nuclei (AGN) diagnostic diagrams. These galaxies span a redshift range from 0.045 to 0.93 and
are somewhat less massive than similar samples of previous works. The studied sample has
multiwavelength photometric data coverage from the ultraviolet to mid-infrared (MIR) Spitzer
bands. We investigate the connection between star formation and AGN activity via optical,
mass-excitation (MEx) and MIR diagnostic diagrams. Through optical diagrams, 31 (84%) star-
forming galaxies, 2 (5%) composite galaxies and 3 (8%) AGNs were classified, whereas from the
MEx diagram only one galaxy was classified as AGN. A total of 19 galaxies have photometry
available in all the IRAC/Spitzer bands. Of these, 3 AGN candidates were not classified as
AGN in the optical diagrams, suggesting they are dusty/obscured AGNs, or that nuclear star
formation has diluted their contributions. By fitting the spectral energy distribution (SED) of
the galaxies, we derived the stellar masses, dust reddening E(B−V ), ages and UV star formation
rates (SFRs). Furthermore, the relationship between SFR surface density (ΣSFR) and stellar mass
surface density per time unit (ΣM∗/τ ) as a function of redshift was investigated using the [OII]
λ3727, 3729, Hα λ6563 luminosities, which revealed that both quantities are larger for higher
redshift galaxies. We also studied the SFR and specific SFR (SSFR) versus stellar mass and
color relations, with the more massive galaxies having higher SFR values but lower SSFR values
than less massive galaxies. These results are consistent with previous ones showing that, at a
given mass, high-redshift galaxies have on average larger SFR and SSFR values than low-redshift
galaxies. Finally, bluer galaxies have larger SSFR values than redder galaxies and for a given
color the SSFR is larger for higher redshift galaxies.
Subject headings: galaxies: active, evolution, high redshift, nuclei, star formation, stellar content
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1. INTRODUCTION
The redshift interval from z ∼ 0 to 1 accounts for roughly half of the universe’s age, and provides a
valuable range to study the final stages of galaxy assembly. It is well known that the star formation rate
(SFR) in galaxies has diminished since z ∼ 1 (Cowie et al. 1996; Madau et al. 1996; Lilly et al. 1995), with
Cowie et al. coining the term “downsizing” to describe this behaviour. This suggests that the most massive
galaxies finished their star formation earlier than less massive systems, a trend observed in broad-band colors
(Bundy et al. 2006), and radio (Hopkins, 2004) and infrared (Pe´rez-Gonza´lez et al. 2005) data. However,
the reasons why star formation in the universe has been decreasing and why it stops for any given galaxy
are still unresolved.
Feedback processes may play an important role in regulating the mass growth of galaxies and/or pro-
ducing downsizing, with their physical origin having received much attention. Some processes implemented
in numerical and semi-analytic models include regulation through feedback by supernovae (Cole et al. 2000;
Nagashima & Yoshii, 2004), and active galactic nuclei (AGNs) by reduction of gas cooling and outflows of
reheated gas (Bower et al. 2006; Lagos, Cora and Padilla, 2008). The most accepted cosmological model,
however, predicts that the formation of galaxies is hierarchical, with massive ellipticals being the result of
both a series of mergers between smaller galaxies and by gas accretion. In this scenario without taking into ac-
count feedback processes, elliptical galaxies continue accreting gas and forming stars. As this is not observed
in present day galaxies, it is important to understand the AGN activity at z < 1 as a feedback source. Indeed,
although AGN feedback is expected to occur more often in more massive galaxies (Kauffmann et al. 2003a;
Kewley et al. 2006), it is also interesting to test its occurrence in low-mass galaxies.
Galaxies show a wide variety of physical and observational properties, with their morphologies cor-
relating with their colors, and also with characteristics of their stellar populations. The properties such
as optical colors (Strateva et al. 2001), morphological parameters (Driver et al. 2006), and spectral indices
(Kauffmann et al. 2003b), come from a bimodal distribution which defines two classes of galaxies: a red
population of passive galaxies that have formed their stellar masses mostly at high redshift, and a blue
population that is actively forming stars. This bimodal distribution is present at least up to z ∼ 1-2
(Giallongo et al. 2005; Kriek et al. 2008), but its origin is still not clear. The best scenario to explain these
properties may be evolutive, as galaxies in different phases of their evolution reveal different colors, star
formation rates, spectral indexes and morphologies. Nevertheless, it is still unresolved how these different
parameters are connected.
There is some evidence for a possible role of AGN in the transition area between the “blue cloud” and the
“red sequence” on the color−magnitude and color−mass diagrams (Kauffmann et al. 2003a; Sa´nchez et al. 2004;
Georgakakis et al. 2008), a region also known as the “green valley”. AGN hosts tend to have redder col-
ors than the bulk of star-forming galaxies (Yan et al. 2011), suggesting that they might cause or maintain the
quenching of star formation in early-type star-forming galaxies (Schawinski et al. 2007; Georgakakis et al. 2008;
Mendez et al. 2011, for more discussion). However, in the local universe, type 2 AGNs (Seyferts) are mainly
hosted in young massive star-forming galaxies (Kauffmann et al. 2003a; Kewley et al. 2006), thus implying
a close link between the growth of black holes (BHs) and bulges.
About half of the sources with moderate X-ray luminosities (moderately luminous AGN) detected in
deep X-ray surveys do not show broad lines or high excitation lines characteristic of AGN in their optical
spectra, indicating that the optical line selection of AGN is incomplete (Lacy et al. 2004; Szokoly et al. 2004;
Caccianiga et al. 2007). Furthermore, AGNs with high column densities of absorbing gas and dust clouds
(combined with those located in the host galaxy) may be missed in X-rays (Polletta et al. 2006; Donley et al. 2007;
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Maiolino & Risaliti, 2007). A possible explanation for this is that current X-ray and optical surveys are bi-
ased against the early phase of BH evolution. At its initial stage of formation, AGN might be deeply buried
under star-forming clouds and/or show low luminosity, because although the BH mass is growing rapidly
it is small. Therefore, it might be possible to use mid-infrared (MIR) wavelengths to locate these dusty
AGNs by probing emission from AGN-heated dust. Moreover, this wavelength range is much less affected
by extinction and is able to penetrate through the dusty envelope surrounding the AGN (Lacy et al. 2004;
Stern et al. 2005; Donley et al. 2007).
Defining a galaxy population that contributes to a decrease in the SFR over cosmic time has strong
implications for theories of galaxy evolution. In this investigation we studied the physical properties of
a sample of 37 emission line galaxies at 0 < z < 1, which were detected in MIR (Spitzer) for which the
multiwavelength photometry and optical spectra were available. This sample formed part of a spectroscopic
survey pilot project in the Subaru XMM deep field (SXDF) out to z ∼ 2.5, with the purpose of investigating
the end of star formation in massive galaxies. This paper is organized as follows: in §2 we describe the sample
selection; §3 gives details on the acquisition of the spectrophotometric data; §4 explains the reduction process
applied to the data; §5 summarizes the final sample used in this paper; in §6 we investigate star formation
and the AGN activity of our galaxies using optical, mass-excitation (MEx) and MIR diagnostic diagrams;
in §7 the physical properties of our galaxy sample are derived using the spectral energy distribution (SED)
fitting technique, and the relationships between SFR, specific SFR (SSFR), and SFR surface density (ΣSFR)
are investigated as a function of redshift, stellar mass and color. Finally, in §8 we summarize our results and
analysis.
Throughout this paper we have assumed a flat Λ-dominated cosmology with Ωm = 0.28, ΩΛ = 0.72,
and H0 = 70 km s
−1Mpc.
2. SAMPLE SELECTION
The galaxies presented in this paper are a subset of a sample constructed to study star formation and
the AGN activity of massive galaxies in the redshift range z = 0.1−2.5, with the parent sample being chosen
from the SXDF (Furusawa et al. 2008). The advantage of the SXDF is that it has been observed in many
photometric bands: B, V,R, i, z (Subaru); J,H,K (UKIRT, Lawrence et al. 2007, as reference project); and
3.6µm, 4.5µm, 5.8µm, 8.0µm, 24µm, 70µm and 160µm (Spitzer). This field, centered at R.A. = 02:18:00, Dec
= −05:00:00, covers an area of ∼1.22 deg2 and reaches depths of ∼27 AB magnitudes at optical wavelengths
and ∼24 AB mag at near-infrared (NIR) and MIR wavelengths. Therefore, one can apply a number of
photometric criteria in order to select galaxies with different characteristics. In our particular case, the
parent sample was selected using the λ3646 Balmer and λ4000 break features as tracers of redshift, as
described by Daddi et al. (2004), using the BzK color−color diagram to select star-forming galaxies in a
specific redshift range, independently of the dust reddening1. The limiting magnitude of the survey was
set to K < 23 AB mag, with an additional requirement being that the source had a counterpart in all
UV−optical−NIR bands.
A total of 4 different fields were observed using 4 masks, which produced 417 spectra of the selected
targets. However, only 132 of these spectra had the necessary signal-to-noise (S/N) ratio for our purposes
(see Sections 4.2 and 4.3). Additionally, out of these 132 spectra, we selected only those galaxies that
1Details about these color criteria can also be seen in Hanami et al. (2012)
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showed the necessary emission lines in order to locate them in at least one of the Baldwin, Phillips and
Terlevich (1981, hereafter BPT) diagnostic diagrams (i.e. Hβ4861 A˚, [OIII]λ5007, Hα6563 A˚ and [NII]λ6548,
6583 emission lines), or those presented by Lamareille (2010) and Juneau et al. (2011) to identify star
formation and AGN activity in galaxies at high redshifts. These latter two diagrams are particularly useful
for galaxies at z > 0.5, since the emission lines Hα and [NII] are beyond the spectral coverage for an optical
spectrograph. Lamareille (2010) used the flux ratio [OIII](λ5007)/Hβ(λ4861) versus the equivalent width
ratio [OII](λ3727)/Hβ(λ4861), while Juneau et al. (2011) employed the flux ratio [OIII](λ5007)/Hβ(λ4861)
versus the stellar mass. Both of these approaches can be applied out to z < 1.0, because the emission lines
Hβ and [OIII] are beyond the spectral coverage at higher redshifts.
These constraints allowed us to explore the interplay between AGN and star formation in galaxies at 0
< z < 1, independent of the dust reddening, and to comparing different optical selection methods normally
employed to study these populations. Note that the presence of the aforementioned emission lines implies a
galaxy sample with evidence of recent star formation activity, thus favoring the selection of late-type galaxies,
where star formation and AGN activity is usually found.
3. Observations
In addition to the photometry available for the SXDF, we obtained u-band data along with optical
spectroscopy for a broader and more accurate study of the physical properties of the galaxies.
3.1. u-Band Photometry
The u-band photometry was obtained in order to provide better constraints over the UV SFR values
derived from SED fitting, and also to select Lyman break galaxies (LBGs) at redshifts z > 2.0. The latter
will be used in future research.
The u-band images were obtained under photometric conditions during 2006 September 16−17, and
19−20 (PI: N. Padilla) using the MosaicII camera attached to the prime focus of the Blanco telescope at
CTIO. The MosaicII is a wide field camera of 8912×8192 pix2, with a pixel scale of 0.267 arcsec/pixel. and
covering a field of view of 37’×37’.
We observed the region of the SXDF centered at R.A.: 02:18:00, Dec.: −05:00:00. During this obser-
vation, the usual calibration frames were taken including ZERO, SKYFLATS, and standard stars. A small
offset was applied during the acquisition of images in order to remove the gaps between the CCDs. Table 1
details the observation log for the whole run.
3.2. Spectroscopic IMACS/Magellan data
Spectroscopic data were obtained during 2007 December 11−12 (PI: N. Padilla) using the Inamori-
Magellan Areal Camera and Spectrograph (IMACS) attached to the Magellan telescope at LCO. Spectra
were taken using the short camera mode f/2 configuration with a 200 lines/mm grating. In this mode, the
total field of view was 27.2’×27.2’ and the dispersion 2.04 A˚/pixel, which gave a wavelength coverage from
450nm to 900nm.
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Observations were carried out using a multi-slit mask with 227 slits. The slit size adopted was of 1”
aperture, consistent with the average seeing during the observations. The typical angular sizes of our targets
were of 4”, and during the run 10×1800 s frames were obtained, which gave a total integration time of
18000 s. The targets selected in the SXDF were centered at R.A.: 02:18:00, Dec.: −05:00:00, and during the
observations the ZERO, FLAT, arc and flux standard calibration frames were taken.
3.3. Spectroscopic GMOS/Gemini South data
A second set of observations was made in service mode (PI: Nelson Padilla) during the second semester
of 2008 with GMOS/Gemini South. In this case, the telescope detector used was a Mosaic CCD camera,
which had a field of view of 5.5’×5.5’. Spectra were taken in NOD&SHUFFLE (N&S) mode to improve the
sky subtraction, using a grating of 400 lines/mm, which gave a dispersion of 3.59 A˚/pix and a wavelength
coverage from 500nm to 1000nm.
Three multi-slit masks were used with 74, 61 and 55 slits, thereby covering the central region of the
SXDF. The slit size adopted of a 1” aperture was the same used as that for IMACS. The centers of these
regions were defined as follows: SXDF1 centered at R.A.: 02:18:04.5, Dec.: −05:02:05; SXDF2 at R.A.:
02:18:30.7, Dec.: −05:02:12; and SXDF3 at R.A.: 02:17:31.8, Dec.: −05:01:37. Seeing during the run was
variable with a mean of 0.8”. Table 2 shows relevant details of the observations carried out for this program.
4. REDUCTIONS
4.1. u-Band Photometry
The reduction process for the Mosaic u-band data was performed using the IRAF package mscred,
mainly following the NOAO Deep Wide Field Survey notes2. This process includes bias, flat field and World
Coordinate System (WCS) astrometric corrections, together with a projection onto a standard coordinate
system and image scale on single images. Reduced images were finally stacked into a single image that was
complete up to a total magnitude of u=24.5 AB mag.
4.2. Spectroscopy: IMACS/Magellan data
The IMACS/Magellan spectra were reduced using the Carnegie Observatories System for Multi Object
Spectroscopy (COSMOS)3 routines, which are based on an accurate optical model of IMACS that predicts
(after alignment and calibration) a precise description of the spectral features (position, angle, scale). In this
way, the process of visual line searching is improved. The reduction process includes corrections by ZERO
and FLAT frames, subtraction of the sky lines and background, and spectral extraction.
The COSMOS routines produce a 3D image formed by layers that contain the 2D spectrum correspond-
ing to the mask slits, so the 2D spectra for each of the exposures were combined into a single 3D image.
During this final process, the cosmic rays were removed. The 1D spectrum extraction process was carried
2http://www.noao.edu/noao/noaodeep/ReductionOpt/frames.html
3http://obs.carnegiescience.edu/Code/cosmos
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out using the apall routine, while the flux calibration was performed using the calibrate routine, all belonging
to IRAF. However, due to parasite light problems, only 44 spectra had a good enough S/N ratio to measure
a secure redshift. Therefore, considering that the original mask had 227 slits, the success rate was 19%.
4.3. Spectroscopy: GMOS/Gemini South data
The reduction process was carried out using the gemini-gmos routines within IRAF, adopting the usual
factors including bias and flat-field corrections, N&S sky substraction, and wavelength and flux calibrations.
The reduced 2D spectra were processed to recover the positive and negative spectra in order to join them in
a single 2D spectrum using standard IRAF routines. Finally, the 1D extraction process and flux calibration
were performed using the apall and calibrate routines within IRAF. Similar problems were encountered as
those described in the previous section. From 190 slits arranged in 3 masks, a secure redshift was only
obtained for 89 spectra, representing a success rate of 46%.
4.4. Emission Line Fluxes
Fluxes of the emission lines were measured using the splot routine within IRAF, adopting the Gaussian
mode as it provides an adequate representation of the observed line profiles. Prior to taking the emission
line measurements, the spectrum of the underlying stellar population was subtracted in order to produce a
pure emission line spectrum. This is particularly important since both the Hβ and Hα emission lines are
affected by Balmer stellar absorption. Furthermore, prior to the emission line measurements, the aperture
photometry was used to correct errors in the spectra due to flux loss. Stellar template spectra were obtained
from stellar population synthesis models as described in section 4.5.
Based on the technique applied to Sloan Digital Sky Survey (SDSS) galaxies by Tremonti et al. (2004),
the calculated B-, V -, R-, i-, z-band fluxes were compared with the fluxes from the spectrum. The correction
factor for each spectrum was estimated as the average of the flux ratio between the aperture photometry
and the continuum calculated for each filter, with typical values of such corrections being about 30%. The
flux limit in the emission lines was 4×10−18 erg s−1cm−2 at the 3σ level. In Hα, this value corresponded to
a limit in the SFR of ∼0.0001 M⊙/yr at z=0.045, and of ∼0.1 M⊙/yr, for the most distant galaxy of our
sample at z=0.93.
4.5. Spectral Energy Distribution Fitting
The GALAXEV code (Bruzual & Charlot, 2003) was used to generate a database of SED templates
spanning the ages of [0.001Gyr; 13.5Gyr] and the metallicities Z of [0.004; 0.05]. We assumed a Salpeter
initial mass function (IMF, Salpeter 1955) and two types of star formation histories (SFHs): passive evolution
of stars (single burst; i.e. simple stellar population, SSP) and an exponentially declining one (SFR(t) ∼
e−t/τ , with τ spanning [0.25Gyr; 15Gyr]). A dust reddening law (Calzetti et al. 2000) was applied to each
template using E(B − V ) values spanning [0; 0.5] (see section 7.1 for more details). Then, a least-squares
χ2 fitting method was used to obtain the best template that matched the dominant stellar population, with
emission lines being masked prior to the fitting. By using these templates the stellar mass of the sample
galaxies was estimated, which revealed values of total stellar masses in the range 109−1010M⊙. To avoid
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the age−metallicity degeneracy of the SED fits, a constant metallicity of Z=0.004 was used. This value was
taken as the mean metallicity value found in galaxies that had the same stellar mass range as our galaxies
(Gallazzi et al. 2005), ignoring possible mass−metallicity evolution.
Both total and aperture photometry of the galaxies were used to perform SED fitting. The u,B, V,R, i, z,
J,H,K aperture magnitudes were calculated in a diaphragm with the same aperture of the slit as that used
for spectroscopy (1”), with SExtractor4 code being used to obtain the magnitudes. The photometric data
roughly covered the range 3550−22.000 A˚, which allowed us to be able to estimate the stellar continuum
beyond the spectral coverage of the individual spectra (4500−10000 A˚). Therefore, the set of possible
solutions for each of our galaxies obtained by GALAXEV was substantially reduced. Throughout this
paper, all the physical properties of the galaxies are relative to the spectroscopy aperture except for stellar
masses. Aperture photometry parameters were used to compare them directly to the properties derived from
the spectra (reddening, SFR) and to compute color index and age, whereas total magnitudes were used to
compute total stellar masses (section 7.3). A 90% confidence interval was used to determine the uncertainties
of the derived physical properties.
Figure 1 shows the SED fitting to both the spectrum and aperture photometry for our sample galaxies.
For each galaxy, the lower panel shows the whole range of SED fitting, while upper panel shows only the
wavelength range of the optical spectrum. Black squares represent the photometric data.
5. THE FINAL SAMPLE
As we remarked in Section 2, we only selected those galaxies that revealed the necessary emission lines
in order to classify them according to the BPT, Lamareille (2010, hereafter L10) or Juneau et al. (2011,
hereafter J11) diagnostic diagrams, with 37 galaxies being found which fulfilled the required conditions.
GMOS observations provided twenty seven of these spectra, while the remaining ten spectra came from
the IMACS observations. The parent sample composed of 132 galaxies with valid spectroscopic redshifts
formed part of a spectroscopic survey pilot project in the Subaru XMM deep field (SXDF) out to z ∼ 2.5,
with the purpose of investigating the end of star formation in massive galaxies. Table 3 summarizes the
adopted names for the objects and origin of the spectrum, together with their coordinates, spectroscopic
redshifts, and computed observed frame uAB magnitudes. Figure 2 shows the redshift distribution of our
galaxy sample. As can be observed, the galaxies were mainly located at 0.3 < z < 0.7, with this range
containing 70% of the sample.
6. AGN−SF ACTIVITY DIAGNOSTIC DIAGRAMS
AGN emission lines are due to non-thermal ionizing sources and/or shocks, while in star forming (or
HII) galaxies they originate from hot young stars. However, AGN and starbursts can also coexist in galaxies
(composite galaxies). Throughout this paper, we will refer to AGN as Seyfert 2 or LINER types since there
were no Seyfert 1 galaxies in our sample.
In this section we report on the star formation and AGN activity of our galaxies. Different diagnostic
diagrams were utilized. As noted in section 2, for galaxies at z < 0.5, the BPT diagnostic diagrams were
4http://www.astromatic.net/software/sextractor
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useful to separate star-forming activity from AGN, whereas for galaxies at higher redshifts, the L10 and J11
diagnostic diagrams allowed us to separate them well up to z ∼ 1. Finally, we used the AGN color−color
diagrams proposed by Stern et al. (2005) and Lacy et al. (2007) to investigate the existence of dusty AGN in
the sample. Using the former diagram, galaxies were classified through the (5.8−8.0µm) versus (3.6−4.5µm)
colors, while using the latter one the classification was made using the S5.8/S3.6 versus S8.0/S4.5 flux
ratios. These color indices are responsive to the power law nature of the AGN continuum, which shows
redder MIR colors than star-forming galaxies.
6.1. Optical Star-forming−AGN Diagrams
Kewley et al. (2006) used the SDSS DR4 to show that Seyferts and LINERs formed separate branches on
the standard optical BPT diagnostic diagrams, and thereby improved the empirical separation between star-
forming, Seyferts, LINER and composite galaxies. Figure 3 shows the [OIII](λ5007)/Hβ(λ4861) (hereafter
[OIII]/Hβ) versus [NII](λ6548, 6583)/Hα(λ6563) (hereafter [NII]/Hα, left panel) and the [OIII]/Hβ versus
[SII](λ6717, 6731)/Hα(λ6563) (hereafter [SII]/Hα, right panel) diagnostic diagrams for the sample galaxies at
z < 0.5 and z < 0.48, respectively. On the left panel, three galaxies (SXDF021834.7-050432, SXDF021758.7-
050035, and SXDF021839.0-050423) that could host an AGN can be observed, while the remaining ones are
clearly of the star-forming type. It is interesting to note that two of these galaxies (SXDF021834.7-050432,
SXDF021758.7-050035) were also classified as AGN from their MIR colors (see section 6.2). On the other
hand, the right panel does not show any AGN candidates. Unfortunately, it was not possible to measure the
[SII]λ6717, 6731 lines in the previous AGN candidates due to their redshifts (z > 0.48), which placed the
emission lines beyond the observed spectral range. Neither was it possible to detect the [OI]λ6300 emission
line in any sample galaxy, since this line was relatively weak, and our spectra had low S/Ns.
According to the K06 diagrams, there were 1 Seyfert 2, 2 composite galaxies and 15 star-forming ones
out of the sample of 18 classified galaxies, corresponding to percentages of 5%, 11% and 83%, respectively.
This result is in reasonable agreement with that presented by K06, who found 3% of Seyfert 2, 7% of LINERs
and 7% of composite galaxies for a sample with 0.04 < z < 0.1. Although our sample had almost twice the
percentage of Seyfert and composite galaxies than that of K06, care must be taken about this result since
our sample is small and incomplete.
6.1.1. The Blue Star-forming-AGN Diagram
In our study, the L10 diagram proved useful for galaxies at z > 0.5, since Hα6563A˚ was well be-
yond the spectral range available in our data. Figure 4 shows [OIII]/Hβ versus the equivalent width ratio
W[OII](λ3727)/WHβ(λ4861) diagram and reveals three galaxies classified as AGN: two are Seyfert 2 galax-
ies (SXDF021834.7-050432 and SXDF021721.6-050245), and one is LINER (SXDF021821.7-044659). It is
interesting to note that these galaxies were also classified as AGN by their MIR color diagrams (see sec-
tion 6.2). From these latter diagrams two additional galaxies were AGN candidates, with one being a
star-forming−Seyfert 2 (SXDF021758.7-050035), and the other a star-forming−composite (SXDF021836.9-
045046).
Out of 23 galaxies that were in the L10 diagram, there were 2 (8%) Seyfert 2, 1 (4%) LINER, 10
(43%) star-forming−Seyfert 2 galaxies, 3 (13%) star-forming−composite galaxies and 7 (30%) star-forming
galaxies. Assuming that the star-forming−Seyfert 2 and star-forming−composite regions are the only star-
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forming types, we obtained an upper limit of 20 (87%) for star-forming. In a much larger sample of 1213
galaxies with 0.5 < z < 0.9, Lamareille et al. (2009) found 3% of Seyfert 2’s, no LINERs, 19% of composites
galaxies and 78% of star-forming galaxies. However, it should be noted that the classification scheme used
by Lamareille et al. (2009) was slightly different from the one we used. In our case, the new classification
proposed by L10 was used.
6.1.2. Mass-excitation Star-forming-AGN Diagram
J11 proposed the Mass-Excitation (MEx) diagnostic diagram to identify star-forming galaxies and AGNs
at intermediate redshift, using the SDSS DR4 to show that combining the [OIII]/Hβ line ratio with the total
stellar mass successfully distinguished AGN from star formation emission. This diagram relies on the fact that
AGNs are mainly hosted in massive galaxies with stellar masses of M∗ & 10
10M⊙ (Kauffmann et al. 2003a;
Kewley et al. 2006) and that the [OIII]/Hβ line ratio is a well known feature for recognizing AGNs in classical
BPT diagrams.
The total stellar masses were estimated by SED fitting (see section 7.3 for more details), with figure
5 showing the MEx diagram for our sample of galaxies. Note that this MEx diagram was calibrated using
the Chabrier IMF (Chabrier, 2003), and therefore in this figure our stellar mass values were converted from
the Salpeter IMF to the Chabrier IMF. According to J11, this diagram shows 3 regions. Of these, the one
located above the empirical curve corresponds to AGN galaxies, while the one below corresponds to star-
forming galaxies. Transition objects (equivalent to composite galaxies in the K06 diagrams) are located in
the other small region between the two empirical curves. It can be observed from this figure that only 1
AGN (SXDF021834.7-050432) was detected among our 6 AGN candidates selected from the MIR colors and
emission line diagrams. This raises the question whether the MEx diagram is in fact effective for detecting
AGNs in low-mass hots. For this reason, we used the Greene & Ho (2004), and Barth, Greene and Ho (2008)
data, and specifically we chose those galaxies with total masses lower than 1010M⊙ in order to check the
relative number of AGN detected using the MEx diagram. Figure 5 also shows that the MEx diagram missed
a high percentage (more than 70%) of the AGNs in low-mass host galaxies.
6.2. MIR Star-forming−AGN Diagram
The Spitzer data was used to select galaxies with strong emission in the MIR regime relative to stellar
emission. From these data three types of emission could be distinguished: (1) galaxies dominated by the
AGN, which had a power law like emission in the 3−10µm band that originated from very hot dust heated by
the intense AGN radiation field, (2) star-forming galaxies rich in gas and dust and largely dominated by Poly
Aromatic Hydrocarbon (PAH) features5, and (3) starbursts, which had a very steeply rising continuum at
12−16µm (Laurent et al. 2000; Weedman et al. 2006; Smith et al. 2007). However, there were galaxies with
a power law SEDs in the MIR that also showed a slight increase in the NIR, which might have been associated
to the redshifted 1.6µm peak from the stellar continuum, suggesting that both AGN and star formation
activity may coexist in these galaxies (Alonso-Herrero et al. 2006; Donley et al. 2007; Lacy et al. 2007).
There were 19 galaxies in our sample with available photometry in all IRAC/Spitzer bands. For these
5PAHs are aromatic molecules ubiquitous in the interstellar medium (ISM) of our own galaxy and nearby galaxies with
ongoing or recent star formation.
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galaxies we constructed color−color diagrams, with figure 6 showing the Lacy et al. (2007) log(S8.0/S4.5)
versus log(S5.8/S3.6) diagram (left panel) and the Stern et al. (2005) (3.6−4.5µm) versus (5.8−8.0µm) di-
agram (right panel). It is interesting to note that while the Stern et al (2005) diagram revealed 6 AGN
candidates, the Lacy et al. (2007) diagram only showed 1 AGN candidate. It should also be noted, that
3 of these 6 candidates were classified as AGN through the K06 (squares) and L10 (triangles) diagrams,
namely SXDF021834.7-050432, SXDF021721.6-050245 and SXDF021821.7-044659. These results are con-
sistent with low redshift Seyfert 2 galaxies with SEDs being dominated by the host rather than the AGN
light, resulting in then appearing a bluer color (3.6−4.5µm) than high luminosity AGNs (Brusa et al. 2010;
Eckart et al. 2010; Donley et al. 2007), with SEDs dominated by the AGN. In addition, there were also 3
(50%) AGN candidates that were not classified as AGN according to the K06 and L10 diagrams, namely
SXDF021758.7-05003, SXDF021836.9-045046 and SXDF021838.3-050410. These were interpreted by Lacy
et al. (2004) as obscured AGN as they found a similar result (46%) from a sample of 35 galaxies. Moreover,
Goulding & Alexander (2009) showed that in a volume-limited sample of the most bolometric luminous
galaxies, 50% of the IR AGN candidates were not identified as AGN using optical spectroscopy. Finally6,
it is very well known that star formation activity could dilute the AGN optical spectral signatures, with z
∼ 0.5, 1” corresponding to ∼5 kpc, which is 2.5 times the average size for the circumnuclear star-forming
regions (Pastoriza, Donzelli and Bonatto, 1999; Greene & Ho, 2007). Similar examples of this effect can be
found in Colina et al. (2002), Seth et al. (2008) and Wright et al. (2010).
6.3. X-Ray Counterparts?
The SXDF has been observed for the XMM survey through its different missions (for instance, Watson et al. 2009).
Barcons et al. (2007) used the XMM Medium sensitivity Survey (XMS) to describe the population respon-
sible for these intermediate fluxes (∼10−14 erg cm−2 s−1) in various X-ray energy bands. In the SXDF they
found 30 AGNs at redshift 0.04 < z < 2.209, of which 14 were at z < 1.0, with seven of these being broad
line AGNs. A search was made in public X-ray catalogues for counterparts of our AGN candidates. Ueda et
al. (2008) published X-ray data, observed with XMM, with sensitivity limits of 6×10−16, 8×10−16, 3×10−15
and 5×10−15 erg cm−2 s−1 in the 0.5−2, 0.5−4.5, 2−10 and 4.5−10 keV bands. However, no counterparts
were found in this catalogue or in the Barcons sample, even for our massive AGN SXDF021834.7-050432
that satisfied the AGN criteria for the K06, L10 and Lacy et al. (2007) diagrams. This result would suggest
that the AGN candidates in our sample belonged to the low luminosity class (LX <10
43 erg s−1) , and also
that both the X-ray and optical surveys may have suffered from biases against the most obscured phases of
BH growth. Similar examples can also be found in Poletta et al. (2006) and Caccianiga et al. (2007).
An estimation was made of the fluxes that our sources could had in the 2−10 keV band, based on the
relation found between color (R−K)V ega vs log(LX) at 2−10 keV for type 2 AGN (Brusa et al. 2010). The
most massive AGN in the sample had R−K=3.0, which corresponded to an LX ∼ 6×10
42 erg s−1 (see fig.
7, right panel from Brusa et al. 2010). At the redshift of the galaxy, this luminosity implied SX ∼ 3×10
−15
erg cm−2 s−1, corresponding to the detection limit flux of the XMM survey. The remaining AGN candidates
had lower R −K values and similar redshifts as the most massive AGN in our sample, which implied even
lower X-ray fluxes.
6Another possibility is that some MIR AGN candidates may be star-forming contaminants.
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7. PHYSICAL PROPERTIES OF THE SAMPLE
7.1. Reddening
Since we expected some of our galaxies to be significantly affected by dust (Calzetti et al. 2000; Hopkins et al. 2003;
Papovich et al. 2006), the internal stellar reddening was estimated for each galaxy by adopting the dust ex-
tinction law from Calzetti et al. (2000), which is a simple but reasonable approximation to better known
extinction laws such as those of Fitzpatrick (1986, SMC type), Fitzpatrick (1999, Milky Way type) and
Bouchet et al. (1985, LMC type). A value of Rv=4.05, instead of the typical value of Rv=3.1 (Milky Way)
was used as this was the most suitable value for our sample galaxies, given that moving to higher redshifts
would have implied galaxies with higher luminosity, greater star formation, and higher dust amounts than
those observed in local galaxies (i.e. actively star-forming galaxies, Calzetti et al. 2000). Using this extinc-
tion law with a set of E(B − V ) values to run the χ2 SED fitting program, it was observed that the sample
galaxies had stellar E(B − V ) values in the range [0.0; 0.3].
For galaxies that showed the necessary emission lines, the nebular E(B − V ) was also measured us-
ing the Balmer decrement or the [OII]λ3727 luminosity recipe given by Kewley, Geller and Jansen (2004).
The ratio Hα/Hβ=2.85 was adopted for the star-forming galaxies, while for AGNs we chose Hα/Hβ=3.1
(Gaskell & Ferland 1984; Veilleux & Osterbrock 1987; Osterbrock, 1989). Figure 7 shows a comparison be-
tween the stellar reddening (obtained from SED fitting) versus nebular extinction (obtained from the Balmer
decrement, left panel; and from the [OII] luminosity, right panel), where in general terms, the nebular redden-
ing can be observed to be higher than the stellar reddening. This can be explained by considering that ionizing
stars are close to dusty molecular clouds, while non-ionizing stars responsible for the UV−optical continuum
reside in regions with smaller dust amounts (Calzetti, Kinney and Storchi-Bergmann, 1994). However, we
also had a few exceptions that revealed the opposite behaviour, with 2 galaxies showing low S/N spectra
together with the Hα emission lines redshifted to 9000-10000A˚, a region where the sky line subtraction was
subject to large residuals.
7.2. Ages
Galaxies are composed of stellar populations of different ages and metallicities related to their SFH.
The χ2 statistics were used to find the age of the dominant stellar population, for two types of SFHs:
passive evolution (a single burst, i.e. SSP) and exponentially declining histories (SFR(t)∼ e−t/τ , for 0.25
Gyr< τ <15 Gyr). In general terms, we observed that the exponentially declining model showed much better
χ2 values than the SSP models. However, for a few sample galaxies both models provided similar χ2 values
and ages, but it should be noted that the age parameter was no limited by the age of the Universe. Figure
8 shows the age distribution of the sample galaxies (top panel), which peaked at 109 yr. The bottom panel
shows age versus spectroscopic redshift, where it can be observed that younger galaxies had higher redshifts.
In the left panel of figure 9, the age values were compared with the rest frame color index (u−B), a good
indicator of galaxy age (Rudnick et al. 2006; Kriek et al. 2008). The right panel shows how the dispersion
of the data disappeared almost completely when a dust extinction correction was applied. However, there
were two distinct branches, which can possible be explained as an effect of a degeneracy in the color−τ (SFR
mean lifetime) parameter space of the SED model. It is also interesting to note that the fits obtained before
and after dust extinction correction were very similar (slopes ∼1.75).
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7.3. Stellar Masses
Total magnitudes were used in all available bands of the sample galaxies to calculate their total stellar
masses. For this purpose, we used the same spectral library generated with the GALAXEV code (see section
4.5), and applied a least χ2 fitting method to obtain the best template that matched the calculated total
magnitudes. Figure 10 shows the mass distribution of our galaxies (top panel). This plot peaked at 109.25M⊙
and it ranged from 107.5M⊙ to 10
11M⊙. Most of the galaxies (72%) had masses in the range 10
8.5−1010M⊙,
and therefore the sample was mainly composed of low mass galaxies. This could imply a problem when
comparing AGN in other samples that included massive (M∗ & 10
10M⊙) galaxies. The bottom panel shows
stellar masses as a function of redshift, where it can be observed that galaxies with M∗ > 10
9M⊙ were
located throughout the redshift range probed by our sample, whereas the massive ones (M∗ & 10
10M⊙) had
redshift values of 0.35 < z < 0.75. Furthermore, these 4 galaxies with M∗ & 10
10M⊙ were the only objects
of the sample with a FIR detection at 24 µm. Note that AGNs (black squares) was detected at z > 0.4.
Figure 11 shows the total stellar mass versus rest frame color (u−B)AB corrected by reddening, where
solid lines delimit the so called “blue cloud” (lower), “green valley” (intermediate) and “red sequence” (upper)
regions (Baldry et al. 2004; Weiner et al. 2005; Mendez et al. 2011). It can be observed that there were no
galaxies located in the red sequence region and that all but one galaxy was located in the blue cloud region.
It is interesting to note that the only object located in the green valley region was SXDF021834.7-050432,
which was the most massive AGN (black squares) of the sample. This result clearly indicates that most
of the sample galaxies had strong star formation and therefore this might also explain the low number of
AGNs detected (∼ 8%) by the optical diagnostic diagrams. In other words, the starburst was conspicuous
(Pastoriza, Donzelli and Bonatto, 1999; Greene & Ho, 2007).
7.4. Black Hole Masses
It is widely accepted that all galaxies with a massive bulge component contain a central massive BH.
The good correlations between the mass of the central BH and the physical properties of the surrounding
stellar bulge have provided evidence that BHs play a key role in the evolution of galaxies. Bennert et al.
(2011) also found the following correlation between the BH mass (MBH) and the total stellar mass of the
host (Mhost,∗):
log
(
MBH
M⊙
)
= 1.12 log
(
Mhost,∗
M⊙
)
+ 1.15 log(1 + z)− 19.88. (1)
Moreover, the X-ray luminosity (LX) produced by the BH of our AGN candidates in the 2−10 keV
range can be derived using the equation of Kiuchi et al. (2006):
log
(
L2−10keV
erg s−1
)
= log
(
MBH
M⊙
)
− log
(
BC
30
)
+ log
(
λ
0.1
)
+ 35.6. (2)
This is particularly interesting since this is an independent way to calculate X-ray luminosities for our
galaxies and these values can then be compared to those obtained in section 6.3. Using a mean redshift
of 0.5, for a total stellar mass range of 108.2−109.7M⊙ (calibrated to Chabrier IMF), a BH mass range of
105.5−107.2M⊙ was obtained. Similar values were found in low-mass Seyfert 2 by Barth, Greene and Ho
(2008).
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We have assumed conservative values for the bolometric correction (BC=30) and for the Eddington ra-
tio (λ=0.1), (Kiuchi et al. 2006; Ballo et al. 2007; Goulding et al. 2010). Figure 12 shows the LX obtained
from the BH mass LX,2−10keV,MBH against the LX predicted by the (R−K)V ega color LX,2−10keV,R−KV ega
(Brusa et al. 2010, section 6.3), with the solid line defining a 1:1 relation. The arrows show how LX,2−10keV,MBH
would vary for other values of λ and BC. In general terms, there is a fair agreement between both X-ray
luminosity estimates. The differences found might be attributed to the λ and BC values adopted, which are
not necessarily the same for all galaxies.
7.5. Star Formation Rates
The emission line fluxes from Hα 6563 A˚, and [OII]λ3727 lines were used to estimate the SFRs of our
galaxy sample. To carry this out, the new estimators corrected by the dust attenuation of Kennicutt et al.
(2009) were utilized. In addition, the SFR were determined in an independent way using the UV continuum
obtained from the fitted templates and the estimators of Kennicutt (Kennicutt, 1998; Kennicutt et al. 2009).
Line fluxes were reddening corrected using the Balmer decrement or the Kewley, Geller and Jansen (2004)
recipe depending on the emission lines available in the spectrum. The UV fluxes were corrected using the
E(B − V ) values estimated from SED fitting (see section 7.1), with the left panel in figure 13 showing
SFRHα,[OII] versus SFRUV. In this plot, there are 4 duplicate galaxies (connected points) for which it was
possible to compute the SFR values from both Hα and [OII]. As can be observed, the SFR derived from
both methods correlated fairly well (the dashed line shows a linear fit). However, the plot shows that the
dust-corrected UV estimator may in fact overestimate the SFR with respect to that calculated via emission
lines. Indeed, as the UV fluxes were estimated via SED extrapolation from UV−optical−NIR wavelengths
to FUV/NUV regions, the UV fluxes may also have been overestimated. A much better correlation was
observed for the SFRHα,[OII] versus SFRSFH, with the SFR from an exponentially declining star formation
history (right panel) indicating that the SFR obtained by both methods were remarkably similar.
7.5.1. SFR Cosmic Evolution
Our galaxies spanned the redshift range 0.04 < z < 1.0, which therefore allowed us to study the SFR
cosmic evolution. For this purpose, the SFR surface density ΣSFR was estimated in the inner 2.5 kpc region
of the sample galaxies. This radius represented the mean projected size for a 1” aperture at the mean
distance of the sample. In the same way, the stellar mass per unit area and time as ΣM∗/τ was defined,
by dividing the stellar mass per unit area by the age of the dominant stellar population calculated in the
SED fitting. This value represented the average SFR with which the galaxies gathered their stellar mass,
under the hypothesis of a constant SFR. Figure 14 (left panel) shows the ΣSFR[OII],Hα (blue squares) obtained
from [OII]λ3729 or Hα lines, with ΣM∗/τ (red squares) showing our galaxies as a function of redshift. The
solid blue line is the linear fit for ΣSFR[OII],Hα , while the long-dashed red line shows the fit for ΣM∗/τ . The
figure also shows the ΣSFR[OII] values for zCOSMOS and SDSS star-forming galaxies (Silverman et al. 2009)
with redshifts in the range 0 < z < 1.02 (triangles). These values were calculated using Figure 10 from
Silverman et al. (2009, hereafter S09), and then the S09 SFR values were divided by the projected area
corresponding to the slit aperture at the galaxy redshift. The short-dashed line shows the fit for this sample.
As can be observed, the slope of the linear fit for ΣM∗/τ (1.06±0.38) was very similar to that obtained for
the S09 ΣSFR[OII] values (∼1.13), and was lower than the one obtained for our ΣSFR[OII],Hα values. This result
encouraged us to investigate possible bias effects. We determined whether this effect was consistent with a
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possible bias due to the low mass galaxies present in our sample, as galaxies with higher stellar mass values
tended to have higher SFRs. In order to avoid this possible effect, the SFR values for those galaxies with
M∗ < 1×10
9M⊙ were scaled using the relation found by Elbaz et al. 2007 (SFR ∝ M
0.9
∗ ), and this value was
used considering our mass detection limit shown in fig. 10. In figure 14 (right panel), it can be seen that
the slope of the new fit (1.18±0.29) was now consistent with S09, which implied a similar increasing rate of
ΣSFR as a function of redshift.
7.5.2. SFR and Specific SFR Relations
The relation between SFR and total stellar mass in the galaxy sample was now investigated. Finlator
et al. (2006) studied the physical properties of LBGs at z=4 in cosmological hydrodynamics simulations,
and found a strong correlation between SFR and stellar mass, with a slope of ∼1.14 in their simulated
galaxy sample. Although Weinberg, Hernquist and Katz (2002) had already reported this correlation in
their simulated galaxies in LCDM models at z=3, no attempt was made to calculate its slope. Daddi et al.
(2007) and Elbaz et al. (2007) also observed this relation using data from the Great Observatories Origins
Deep Survey (GOODS) at 1.4 < z < 2.5 and 0.8 < z < 1.2, respectively. Figure 15 shows log(SFR[OII],Hα)
versus log(M∗) for the galaxies separated into two groups: intermediate redshift galaxies (0.5 < z < 1.0,
gray triangles) and low redshift galaxies (0 < z < 0.5, black squares). The obtained linear fits are shown
for both subsamples as a long dashed line (intermediate redshift galaxies) and a solid line (low redshift
galaxies). For comparison, the fit obtained for the SDSS galaxies with z <0.2 (Brinchmann et al. 2004) is
also given (dashed line). Similarly, the dotted line shows the trend observed in the GOODS sample by Elbaz
et al. (2007, hereafter E07), while the dot-dashed line shows the fit calculated by Daddi et al. (2007). It is
remarkable that all samples had similar slopes and also a zero point shift that correlated with the redshift
range of the galaxy sample. Our calculated slopes were 0.76±0.30 for the intermediate redshift subsample,
comparable to the value reported by E07 (0.9); and 0.77±0.1 for the low redshift subsample, quite similar to
that obtained by Brinchmann et al. (2004, hereafter B04; 0.77). Similar values were also found by Santini
et al. (2009) using GOODS-MUSIC galaxies at 0.3 < z < 1.0, who found slopes of 0.73 and 0.70 for their
subsamples at 0.6 < z < 1.0 and 0.3 < z < 0.6, respectively. Even though our sample was relatively small,
it gives additional support to the Daddi et al. (2007) and E07 results, i.e. for a given stellar mass the SFR
is on average larger at higher redshifts.
The specific SFR (SSFR) is a measure of the rate at which new stars are added relative to the total
stellar mass of a galaxy. Brinchmann & Ellis (2000), and Bauer et al. (2005) studied starforming galaxies at
0 . z . 1.5, and found an anticorrelation between stellar mass and SSFR. Figure 16 shows this relation for
the sample galaxies, separated as shown previously. We have also included in the plot the fits obtained by
B04, Rodighiero et al. (2010) for GOODS-N galaxies at 0.5 < z < 1.0 and Karim et al. (2011) for COSMOS
galaxies at 1.6 < z < 2.0. It should be noted that the SSFR values were computed using aperture SFR
values. Our hypothesis is that SFR takes place in the few central kiloparsecs and beyond this region the star
formation is negligible. In fact, for the mean distance of our sample of galaxies the aperture is ∼ 6 kpc. It
can be observed that our subsamples followed a very similar trend to the B04 and Rodighiero et al. (2010)
samples. We calculated a slope of −0.24±0.30 for the intermediate redshift subsample, that was comparable
to that obtained by Rodighiero et al. (2010; −0.28). In addition, our calculated slope of −0.23±0.10 for the
low redshift subsample was quite similar to the one obtained by B04 (−0.23). A similar slope was also found
by Rodighiero et al. (2010; −0.24) in their subsample at 0 < z < 0.5. Our data therefore gives additional
support to the idea that, for galaxies with a given mass, the specific SFR is on average larger for higher
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redshifts.
7.5.3. SSFR−Color Relation
The correlation between morphology and broadband colors was studied by Driver et al. (2006) and
Pannella et al. (2009), with the latter authors finding that at higher redshift both early type and late type
galaxies have on average higher SSFR values than their counterparts at low redshift. Figure 17 shows the
SSFR[OII],Hα versus dust attenuation corrected restframe color (u − B)AB diagram for our galaxy sample.
As in the previous figures, we discriminated intermediate redshift galaxies and low redshift ones. A linear
fit to these subsamples gave slopes of −1.32±0.69 and −1.46±0.66, respectively. For comparison, we also
included the Twite et al. (2012) sample at 0.55 < z < 1.23 and the Bauer et al. (2011) sample at 1.5 <
z < 2. It can be observed that our results are in good agreement. For the Twite et al. (2012) and Bauer
et al. (2011) samples, slopes were calculated of −1.34±0.44 and −1.18±0.29, respectively, indicating that
younger galaxies (bluer) have higher SSFR values than older (redder) galaxies. Note that in section 7.2 a
clear correlation was obtained between age and color, with younger galaxies having a bluer color than older
galaxies. Moreover, it can be also observed that there was a trend with redshift in the sense that for a
given (u − B) color, the high redshift galaxies revealed on average higher SSFR than low redshift galaxies.
One possible physical interpretation for this result is that in the past galaxies were more efficient at forming
stars, when compared to more recent galaxies of the same color (age) and stellar mass. This could imply a
larger reservoir of cold gas and higher star formation rates. The latter could explain the double branch in
the color-age plot, with a double sequence in τ values. Alternatively, the IMF could have been closer to top
heavy, which would also explain this difference.
8. SUMMARY
We investigated the physical properties, star formation and AGN activity in a sample of 37 Balmer
break galaxies with emission lines at redshift 0.045 < z < 0.93. Using SED fits, it was calculated that most
of the galaxies had masses in the range 108.5−1010M⊙. This sample forms part of a spectroscopic survey
pilot project in the Subaru XMM deep field (SXDF) out to z ∼ 2.5, with the purpose of investigating the
end of star formation in massive galaxies.
According to the classical BPT (Kewley et al. 2006) and Lamareille (2010) diagnostic diagrams, 31
(84%) star-forming galaxies, 2 (5%) composite galaxies and 3 (8%) AGNs (2 Seyfert 2 types and 1 LINER)
were found. In addition, the MEx diagram (Juneau et al. 2011) detected one out of the three AGN, found
by alternative emission line diagnostics (a Seyfert 2).
Nineteen of our sample galaxies had available photometry in all the IRAC/Spitzer bands. According to
the MIR diagnostic diagrams (Stern et al. 2005; Lacy et al. 2007) we found that 6 galaxies (32%) could host
an AGN, with three of these objects being the aforementioned Seyfert 2 and LINER, while the remaining 3
galaxies were classified in the optical diagrams as composite or starburst. This suggests that they could have
hosted an obscured AGN or that the nuclear star-forming activity was masking the AGN optical signatures.
For each of the sample galaxies, the SFR were calculated using 4 different parameters: (1) [OII]λ3727A˚
luminosity, (2) Hα luminosity, (3) UV luminosity, and (4) SED fitting with an exponentially declining SFH.
All these methods were found to give very similar results, with a range of 0.01−100 M⊙/yr.
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The cosmic evolution of the SFR surface density ΣSFR was compared with the cosmic evolution of the
stellar mass surface density per unit time (ΣM∗/τ ), and it was found that both these quantities increased
for higher redshift galaxies. Despite our sample being small, these results are in good agreement with the
trends found in other surveys, such as SDSS and zCOSMOS (Silverman et al. 2009). A strong correlation
was observed when SFR versus stellar mass was compared, with more massive galaxies revealing higher SFR
values. The same trend was observed when comparing different samples at different redshifts, with higher
redshift galaxies showing on average higher SFR values. This result has already been reported for SDSS
galaxies (Brinchmann et al. 2004) and GOODS galaxies (Elbaz et al. 2007; Daddi et al. 2007).
When the SSFR versus stellar mass relation was investigated, it was found that less massive galaxies
had higher SSFR values than more massive galaxies. Moreover, for a particular mass, high redshift galax-
ies revealed on average larger SSFR values. This trend was also reported by Brinchmann et al. (2004),
Rodighiero et al. (2010) and Karim et al. (2011), among others. Finally, we compared SSFR versus (u−B)
color and found that bluer galaxies, corresponding to younger ages from SED fitting results, had larger SSFR
values. This result was also reported by Twite et al. (2012) and Bauer et al. (2011), but we also showed
that for a particular (u −B) color, the high redshift galaxies had on average higher SSFR values.
Even though our sample was small and therefore possible exposed to strong selection effects, the results
obtained were in good agreement with other authors using much larger samples. Nevertheless, a larger
sample is necessary to be able to produce more statistically robust conclusions.
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Fig. 1.— Spectral Energy Distribution (SED) fitting to the spectra and aperture photometry. The figure shows two panels
for each galaxy. The lower panel shows the 1” aperture optical, NIR photometry (black squares) and the observed spectrum
(in light gray), together with the best fitting template (in dark gray). The upper panel shows in more detail how the template
fits the observed optical spectrum.
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Fig. 1.— −Continued.
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Fig. 1.— −Continued.
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Fig. 1.— −Continued.
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Fig. 2.— Redshift distribution of galaxies studied in this paper.
Starforming
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Composite Starforming
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Fig. 3.— Left panel: [OIII]/Hβ vs [NII]/Hα diagnostic diagram. The conservative boundary line for AGNs was taken from
Kewley et al. (2001). Seyfert 2−LINER and star-forming−composite (AGN+star-forming) limits were taken from Kauffmann
et al. (2003a). Black square symbols are galaxies that could host an obscured AGN if their MIR colors are explored (see section
6.2 for more details).− Right panel: [OIII]/Hβ vs [SII]/Hα diagnostic diagram. Boundary lines were taken from Kewley et al.
(2001; 2006).
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Fig. 4.— Lamareille [OIII]/Hβ vs W[OII]/WHβ diagnostic diagram. AGN−star-forming boundaries are presented as Lamareille
(2010). Black square symbols are galaxies that could host an AGN according to their MIR colors.
starforming
AGN
transition
Fig. 5.— Mass-Excitation star-forming−AGN diagnostic diagram. The empirical curves were taken from Juneau et al. (2011),
which separate between star-forming and AGNs. The region located between the two empirical curves on the MEx diagram
contains composites galaxies. Gray square symbols are our AGN candidates, either selected in the optical or MIR diagnostic
diagrams. Black triangles are low mass Seyfert 2 galaxies of Barth, Greene and Ho (2008) and narrow line Seyfert 1 galaxies of
Greene & Ho (2007).
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AGN
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Fig. 6.— Left panel: log(S8.0/S4.5) vs log(S5.8/S3.6) diagram.− Right panel: (3.6−4.5µm) vs (5.8−8.0µm) diagram. Black
solid lines show the limits adopted by Stern et al. (2005) and Lacy et al. (2007) respectively. Blue squares are AGN candidates
selected by the Kewley’s diagrams, while red triangles are AGN candidates selected from Lamareille’s diagram (see section 6.1).
Fig. 7.— Stellar reddening vs nebular reddening. The left panel shows nebular extinction obtained from the
Balmer decrement, while the right panel shows the nebular extinction calculated through the [OII]λ3727 luminosity
(Kewley, Geller and Jansen, 2004). Stellar extinction was obtained from SED fitting to aperture magnitudes. The short-
dashed line shows the 1:1 ratio, while the long-dashed line shows the ratio found by Calzetti et al. (2000) for local starburst
galaxies, with the nebular reddening being more significant than the internal stellar reddening.
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Fig. 8.— Top panel: age distribution for the sample galaxies.− Bottom panel: age versus redshift. Black square symbols are
our AGN candidates. The solid line shows the age of the universe as a function of the redshift.
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Fig. 9.— Age vs rest frame color index (u−B)AB , assuming an exponentially declining star formation history. The left panel
shows the color index (u−B)AB without reddening correction, while the right panel shows the comparison after the reddening
correction. The dashed line shows the best linear fit between both quantities. Black square symbols are our AGN candidates.
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Fig. 10.— Top panel: total stellar mass distribution of galaxies.− Bottom panel: stellar masses of our galaxies as a function
of their redshifts. Black square symbols are our AGN candidates. The solid line represents our mass limit calculated using the
M/L ratio of a young starburst (M/LV =0.02).
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Red sequence
Blue cloud
Fig. 11.— Rest frame dust attenuation corrected color (u− B)AB vs total stellar mass. Black square symbols represent our
AGN candidates selected either using optical or MIR diagnostic diagrams. The solid lines indicate the regions where passive
(upper), post-starburst (middle) and star-forming (lower) galaxies would be located.
Fig. 12.— X-ray luminosities derived fromMBH, LX,2−10keV,MBH against X-ray luminosities derived from their (R−K)Vega
colors, LX,2−10keV,R−KVega for the six AGN candidates. The solid line shows a 1:1 relation between both quantities, with the
λ and BC values adopted (0.1 for the Eddington ratio, and 30 for the bolometric correction) in the LX,MBH estimation. Arrows
show how LX,MBH would vary if other λ and BC values were adopted.
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Fig. 13.— Left panel: SFRHα,[OII] vs SFRUV. Line fluxes were corrected using the E(B−V ) calculated through the Balmer
decrement or the Kewley, Geller and Jansen (2004) recipe, depending on the availability of the necessary emission lines. The UV
fluxes were corrected using the E(B−V ) estimated from the SED fitting.− Right panel: SFRHα,[OII] vs SFRSFH, obtained using
exponentially declining SFHs (SFR∼ e−t/τ ). In both panels, points connected with a solid line represent the SFR calculated
from Hα (black squares) or [OII] (gray triangles) for the same galaxy. The solid line represents a 1:1 correlation, while the
dashed line shows the linear fit applied to the sample. Empty circles represent our AGN candidates.
Fig. 14.— ΣSFRHα,[OII] (blue squares) and ΣM∗/τ (red squares) as a function of redshift. Left panel shows ΣSFRHα,[OII]
values prior to stellar mass normalization, where a systematic bias can be observed. In the right panel ΣSFRHα,[OII] values for
galaxies with M∗ < 109M⊙ were normalized to 109M⊙ (see text for details). In both panels the long-dashed red and solid
blue lines show the linear fits for ΣM∗/τ and ΣSFRHα,[OII] , respectively. As a comparison, we also plotted the ΣSFR[OII] values
calculated for zCOSMOS star-forming galaxies (Silverman et al. 2009) with redshifts spanning 0 < z < 1.0 (empty triangles).
The short-dashed line shows the linear fit for this sample.
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Fig. 15.— SFR[OII],Hα vs total stellar mass. Black squares represent our low redshift galaxies (0 < z < 0.5), while gray
triangles are our intermediate redshift galaxies (0.5 < z < 1.0). The solid and long-dashed lines show the linear fits obtained for
each group. The short-dashed line shows the trend observed in SDSS at redshift z < 0.2 (Brinchmann et al. 2004), the dotted
line shows the trend observed in GOODS by Elbaz et al. (2007) at redshift 0.8 < z < 1.2, while the dot-dashed line shows the
trend found by Daddi et al. (2007) in GOODS at 1.4 < z < 2.5.
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Fig. 16.— SSFR[OII],Hα vs total stellar mass. Black squares represent our low redshift galaxies (0 < z < 0.5), while gray
triangles are our intermediate redshift galaxies (0.5 < z < 1.0), with the solid and long-dashed lines showing the linear fits
obtained for each group, respectively. For comparison, the dashed line shows the trend observed in the SDSS sample at redshift
z < 0.2 (Brinchmann et al. 2004), the dotted line shows the trend found by Rodighiero et al. (2010) for GOODS-N galaxies at
redshift 0.5 < z < 1.0, and the dot-dashed line shows the trend found by Karim et al. (2011) in COSMOS at 1.6 < z < 2.0.
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Fig. 17.— SSFR[OII],Hα vs rest frame color (u − B)AB . Black solid squares are our low redshift galaxies at 0 < z < 0.5,
while gray solid triangles are our intermediate redshift galaxies at 0.5 < z < 1.0, with the solid and long-dashed lines showing
the linear fit for each group, respectively. For comparison, the blue empty inverted triangles are galaxies at redshift 0.55 < z
< 1.23 from the Twite et al. (2012) sample, and the red empty triangles are galaxies from the GOODS-NICMOS sample of
Bauer et al. (2011) at 1.5 < z < 2. The blue dashed line and red dot-dashed lines show the linear fit estimated for the Twite
et al. (2012) and Bauer et al. (2011) galaxies, respectively.
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Table 1. MosaicII Observations
Date Exp. Time (s)
2006 Sep 16 6 × 1000
2006 Sep 17 5 × 1000
5 × 600
2006 Sep 19 10 × 1000
2006 Sep 20 12 × 1000
Table 2. GMOS Observations.
Date Field Exp. Time (s)
2008 Nov 1 SXDF3 2 × 1830
2008 Nov 3 SXDF3 2 × 1830
1 × 1037
2008 Nov 4 SDXF3 4 × 1830
2008 Nov 5 SXDF3 4 × 1830
2008 Nov 6 SXDF3 2 × 1830
2008 Nov 20 SXDF1 4 × 1830
2008 Nov 21 SXDF1 4 × 1830
2008 Nov 22 SXDF1 2 × 1830
2008 Nov 25 SXDF1 3 × 1830
2008 Nov 26 SXDF1 2 × 1830
2008 Dec 24 SXDF2 5 × 1830
2008 Dec 25 SXDF2 5 × 1830
2008 Dec 26 SXDF2 2 × 1830
2008 Dec 27 SXDF2 2 × 1830
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Table 3. Spectroscopic sample obtained with IMACS and GMOS.
Catalogue ID Instrument R.A. Dec. zspec uAB
a err u Commentsb
SXDF021811.7-050353 GMOS 02:18:11.735 -05:03:53.84 0.183 24.34 0.07
SXDF021804.3-050022 GMOS 02:18:04.308 -05:00:22.77 0.292 24.53 0.07
SXDF021758.7-050035 GMOS 02:17:58.754 -05:00:35.44 0.423 23.22 0.03
SXDF021759.4-050523 GMOS 02:17:59.405 -05:05:23.55 0.265 23.84 0.05
SXDF021826.8-050352 GMOS 02:18:26.889 -05:03:52.36 0.528 24.21 0.06
SXDF021826.8-050449 GMOS 02:18:26.896 -05:04:49.86 0.378 23.95 0.06
SXDF021834.7-050432 GMOS 02:18:34.780 -05:04:32.90 0.471 24.57 0.07 24µm source
SXDF021838.3-050410 GMOS 02:18:38.359 -05:04:10.69 0.099 24.39 0.06
SXDF021836.4-050423 GMOS 02:18:36.415 -05:04:23.04 0.310 21.83 0.02 24µm, 70µm source
SXDF021839.0-050423 GMOS 02:18:39.021 -05:04:23.58 0.428 24.21 0.06
SXDF021835.5-050145 GMOS 02:18:35.522 -05:01:45.32 0.254 24.13 0.06
SXDF021730.0-045844 GMOS 02:17:30.043 -04:58:44.79 0.392 22.76 0.03
SXDF021739.4-050305 GMOS 02:17:39.428 -05:03:05.90 0.239 23.61 0.04
SXDF021737.5-050437 GMOS 02:17:37.505 -05:04:37.52 0.355 21.83 0.02 24µm source
SXDF021742.5-050424 IMACS 02:17:42.506 -05:04:24.82 0.045 17.26 0.01 24µm-850µm source
SXDF021801.8-050930 IMACS 02.18:01.860 -05.09:30.75 0.214 22.78 0.03
SXDF021833.2-050614 IMACS 02:18:33.250 -05:06:14.81 0.090 24.24 0.06
SXDF021845.2-045640 IMACS 02:18:45.231 -04:56:40.21 0.292 22.25 0.02
SXDF021814.7-050254 GMOS 02:18:14.763 -05:02:54.69 0.644 23.93 0.07
SXDF021806.4-045944 GMOS 02:18:06.425 -04:59:44.79 0.557 24.53 0.07
SXDF021804.7-045923 GMOS 02:18:04.776 -04:59:23.15 0.707 24.14 0.06
SXDF021809.3-050322 GMOS 02:18:09.363 -05:03:22.16 0.929 23.78 0.04
SXDF021801.3-050441 GMOS 02:18:01.328 -05:04:41.28 0.697 23.74 0.04
SXDF021827.8-050518 GMOS 02:18:27.894 -05:05:18.22 0.706 24.21 0.08
SXDF021830.0-050514 GMOS 02:18:30.050 -05:05:14.41 0.533 25.16 0.10
SXDF021827.0-050031 GMOS 02:18:27.040 -05:00:31.74 0.689 24.44 0.07
SXDF021834.1-050012 GMOS 02:18:34.168 -05:00:12.19 0.647 23.85 0.05
SXDF021740.4-050223 GMOS 02:17:40.450 -05:02:23.27 0.876 23.23 0.04
SXDF021721.6-050245 GMOS 02:17:21.626 -05:02:45.81 0.495 24.17 0.06
SXDF021732.8-050303 GMOS 02:17:32.872 -05:03:03.20 0.567 23.52 0.04
SXDF021721.3-050220 GMOS 02:17:21.345 -05:02:20.46 0.583 25.22 0.11
SXDF021750.0-050342 IMACS 02.17:50.030 -05:03:42.63 0.669 24.61 0.08
SXDF021803.9-050749 IMACS 02.18:03.930 -05:07:49.70 0.427 24.92 0.10
SXDF021741.0-045356 IMACS 02:17:41.013 -04:53:56.45 0.744 22.79 0.03 24µm source
SXDF021758.1-045055 IMACS 02:17:58.100 -04.50:55.50 0.342 24.54 0.08
SXDF021821.7-044659 IMACS 02:18:21.723 -04:46:59.21 0.651 23.73 0.04
SXDF021836.9-045046 IMACS 02:18:36.970 -04.50:46.19 0.556 24.96 0.09
aMeasured observer frame u-band photometry in AB magnitudes.
bDetection of a FIR and/or submillimeter counterpart.
